The elastic energy due to a periodic distribution of two kinds of variants of the martensitic phase is calculated by means of the reciprocal lattice method. It is found that the elastic enerev is
I. Introduction
Maki and Wayman(1)(2) measured the thickness of transformation twin as functions of (1) the amount of deformation of austenite (2) the content of carbon in Fe-Ni and Fe-Ni-C alloys. Their results are summarized as follows:
(1) The relative thickness of twin does not depend on the amount of austenite deformation and the content of carbon.
(2) The thickness of twin decreases as the amount of austenite deformation and the content of carbon increase.
Tadaki, Katsuki and Shimizu(3) measured the thickness of transformation twin in Fe3Pt alloy and showed that the thickness of twins decreased as the long range order parameter became larger.
The constant ratio of twin thickness irrespective of the degree of austenite deformation and the content of carbon can be explained by the phenomenological theory of martensite. But we must calculate the elastic energy due to a periodic distribution of transformation twin in order to explain the change in twin thickness according to the degree of austenite deformation, the content of carbon and the long range order parameter, because the phenomenological theory can predict only the relative thickness of twins.
Khachaturyan and Shatalov(4) calculated the elastic energy due to the regular array of transformation twins, but they showed only the order of magnitude :
(1-1)
Here E is the elastic energy due to a martensite (1) (2) where C*11 C*12 are the elastic constants of martensite and f is the volume fraction of 1-variant. According to them, the leading term of the elastic energy does not depend on
We show here a more rigorous calculation and try to explain Maki-Wayman's and TadakiKatsuki-Shimizu's results.
II. Calculation
Calculations are done using the same method to that of Khachaturyan and Shatalov(4) . We introduce two kinds of stress-free strain defects as shown in Fig. 1 . The transformed region is composed of stress-free strain defects, which have characteristic stress-free strain tensors. The elastic strain energy is given by the reciprocal lattice method assuming the same elastic constants between martensite and parent(4)(6) (7):
The equation for Epq(k) is given by
and we call this term the energy density in the element of the inverse of the dynamical matrix, or the Green's function in the reciprocal lattice.
The components of the dynamical matrix of a cubic crystal are given as follows: (2) (3) (4) and the other components are obtained from eq. (2-4) by cyclic permutation of the Cartesian the Fourier transform of the defect force field and is given by (2) (3) (4) (5) epno is a component of the stress-free strain tensor of defect p, given by eqs. (2-1). Tp(k) is (2) (3) (4) (5) (6) where V is the volume of the crystal. We introduce the following relations assuming f to be the volume fraction of variant 1; (2) (3) (4) (5) (6) (7) and eq. (2-2) can be rewritten as follows:
Here Ett(k) is the energy density due to the mean stress-free strain tensor, which is given by eq. (2-9)
We introduce the following transformation of coordinate systems:
Twin 461 (2) (3) (4) (5) (6) (7) (8) (9) (10) tached to the martensite (see Fig. 1 ). Equation (2) (3) (4) (5) (6) (7) (8) has the following form in the new coordinate system:
as expected, it corresponds to the invariant plane strain, assuming the plane normal to be parallel (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) being the difference of stress-free strain tensors of defects 1 and 2.
The Fourier transformed defect amplitudes which correspond to the configuration of Fig. 1 are given as follows :
(2 As known from eq. (2-13), K2=0. Using the above condition, we have the following expression for the energy density: (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) not only on the direction of K-vector but also on the magnitude of K-vector. Equation (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) shows only the direction of K-vector. The magnitude of K-vector is determined by the condition (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (2-22) (2-23) (2-25) where S1 is the cross-section of crystal perpendicular to Z-axis. Equation (2-29) gives very small energy compared to the result due to Mura, Mori and Kato. They gave the elastic energy, the leading term of which does not depend on A. It is intuitively difficult to understand the existence of such a energy term.
The twin thickness will be determined by the minimization of elastic energy plus twin boundary energy, if other conditions are permitted. The total energy is as follows: volume of the transformed region, and E2=
The interesting point of eq. (3-2) is that the term in brackets has the dimension of energy per unit volume of martensite. The first term of it comes from the elastic energy of the incoherent boundary. It has a simpler form in volume energy expression, and if the realized state corresponds to the minimum of F1, the free energy due to a periodic distribution of twin has a volume energy expression. Generally speaking, we think that if an incoherent boundary is formed by the distribution of two dimensional lattice defects (i.e. dislocation loop and small twin plate) in a small region, the energy of this distribution will be proportional to the volume of a small region. This will be important when we discuss the nucleation of martensite.
twin thickness for given Z0: the data for Fe-29 at%Ni alloy. The measured factor of 10. It will be unreasonable to assume a twin boundary energy smaller than 10mJ/m2 in order to get the same order of magnitude as
We can explain the discrepancy as follows. In order to maintain the equilibrium twin thickness during the thickening process of martensite (Z,larger), some twin boundaries should move and annihilate each other because larger Z0. If the driving force for coarsening of the twin is larger than the lattice resistance to become larger. The driving stress can be estimated as follows:
The above results can explain Maki and Wayman's and Tadaki, Katsuki and Shimizu's results qualitatively.
(1) The effect of the amount of austenite deformation. As the amount of austenite deformation becomes larger, the dislocation density becomes larger and some arrays of dislocations which hinder the motion of twin boundary will become larger, resulting in a larger lattice resistance to twin boundary (2) Effect of carbon content. It is expected that y will become smaller for ordered carbon. Also, the resistance to twin boundary motion will be larger for larger content of carbon.
(3) Effect of long range order parameter. 
